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3-AXlS STRAIGHT-UNE MOTION STAGE AND SAMPLE TEST DEVICE USING THE 
SAME 

BACKGROUND OF THE INVENTION 

5 [0001] I. Field of the Inveniion 

[0002] Tliis invention lelaies to a 3-axi5 straigjii-line motion stage for nrnking a 5-axis straight- 
line niotion, and particularly relates to a 3-axis straight-line morion stage and a sample test 
device using the same for supponing a predetermined sample, and comprising X-axis» Y*axis. 
and Z-axis stages for moving the sample independently and precisely in the direction of the X- 

10 axis, the Y-axis or dje Z-axis of rectangular coordinates. 

[0003] 2. Description of the Background An 

[0004} Generally, a stage used for scanning a predetennined sample in the direction of the X- 
axis, the Y-axis or the Z-axis on the basis of rectangular coardinates widiin an atom microscope 
IS uses a piezoelectric elemeni» such as a piezombe. and moves the sample precisely. 

[0005] Fig, 1 is a constimtional view for explaining an operational principle of stage embodied 
using a piezotube. 

[0006] The piezombe is a piezoelectric element that generates the negative and positive electric 
charige in'pioporaon to the magnimde of the pressure received from *e outside, whereas its 
20 length is increased or decreased in proportion to the magnimde of the voltage in case of 
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rcceiviog tbe voliage. As shown in Fig. 1, if the voltage from the elecmc power source is 
applied to the both ends of the piezotube 100, the length of the piezombe 100 is incxeased by flL 
from Lo, which means the length before the voltage is applied, to change to Lu + TL, 
simultaneously the diameter in the same ladial diiecrion peipendicular to the longitudinal 
5 direction theieof is decreased by -HD from Oo. which means the diameter before the voltage is 
apphed, to change to DO - HD. Thus^ a sample supponed by the piezoiube in a stage where the 
above cylindrical piezombe 100 is moimicd may be shifted finely in the longitudinal and radial 
direction thereof according to the motion of the piezombe 100. 

(0007] However, since die motion to the radial direction of the X-axis and the Y-axis and the 
)0 motion to the longitudinal direction of the Z-axis of the piezombe supporting the sample aie 
mumally dependeni in the stage where die piezotube is mourned, when a user manipulates the 
piezombe to shift the sample in the desired direction of the X-axis or the Y-axis, the sample is 
simultaneously shifted to the undesiied direction of the Z-axis. Thus, the displacement generated 
due to the shift in the undesired direction of the Z-axis should be compensatcsd. 
15 [0008] However, since a correlation between the displacement generated fonn the piezotube 
and the direction of the displacement diereof is unclear, even if the procedure for compensating 
the displacement of any direction is prosecuied, another enor may be included in the 
compensating value during the compensating procedure. Thus, there has been a problem that the 
prior stage using the shape and characteristic of the piezoelectric elemem cannot shift the sample 
20 precisely, 

IWP242442;1) 2/25 

PAGE 35l58'RCVDATN22l2(l(e 6:03:26 PM [Eastern DayligttT^^ 



JUN-22-05 06:1QPM FROM-AKERMAN SENTERFIH 



5616596313 



T-563 P. 36/58 F-509 



[0009] In Older to resolve the pioblem of the prior stage, a straigbl-Ime motion stage for 
shiftiag the sample using (be displacement of one direction (the displacement of the straight-line 
motion) of the piezoelectric element has been developed. 

[0010] Fig, 2 is a consiimfional view of tiie prior straight-line motion siage having a lever type 
5 flexible mechanism. The mechanism shown in Fig. 2 is consisted of a lever 90 having a 
pTBdetermined length, a flexible hinge 91 being a rotation center of Ae lever 90 and one end 
thereof being fixed, and a support 94 mounted on the odier end opponent to the attaching side for 
the flexible hinge 91 for supporting the predetermined sample. 

[0011] Acconling to the mechanisni, for example, if a force 93 of a predctennined magnitude is 
10 applied to a point PI adjacent to the rotation center O of the lever 90 so that the lever 90 is 
rotated at the rotation displacement Tl, a point P2 of the lever, on which tiie suppon 94 is 
moimted, is rotated at the rotation displacement T2. Here, the rotation displacement T2 of the 
point F2 to the rotation displacement Tl of the point PI is proportional to the ratio of the 
distance ^m the rotation center O to the point PI to the distance fiom the rotation center O to 
\5 the point P2 {T2 - (TIXP2)/(P1)}. 

[0012] However, even if the piezoelectric element having a range of several to several tens □ 
amplifies the displacement lange theieof through die lever 90, since the displacemem firom die 
end of the lever 90 is generated in the circumferential direction, the sample placed in the end of 
the lever is not shifted completely in the straight-line direction. 
20 [0013] Meanwhile, in order to resolve the problem of the stage having the above mechanism, a 
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double spring stage having a double siraight-lihe spring mourned on the lever has been 
developed* However, the double snaighl-line spring stage also does not shift the sample placed 
in the lever in the straigbHine direction. 

5 BRIEF SUMMARY OF THE INVENTION 

[0014] Therefore, an object of the invention is to provide a 3-axis straigbt-line morion stage and 
a sample test device using the same for supporting a piedetcimined sample and for shifting the 
sample independently and precisely in the straight-line direction. 

[0015] Another object of fte invention is to provide a 3-axis straigjit-line motion stage aiid a 
10 sample test device using the same for supporting a predetermined sample, and comprising X-axis, 
Y-axis and Z-axis stages having flexible mechanisms for shilling the sample independently and 
precisely in the sttaighf-line direction, respectively, 

[0016] Another object of the invention is to provide a 3-axis straight-lirte morion stage and a 
sample test device using the same for supporting a piedetennined sample, and comprising X-axis, 
IS Y-axis and Z-axis stages having a complex hinge and/or a synometrical amplifier for shifting the 
sample independently and precisely in the straight-line direction. 

[0017] To accomplish the above objects, a 3-4xis straight-line morion stage of the invention 
comprises a bottom plate having predetermined area and thickness; a X-axis stage fixed in a 
reference area of the bonom plate for moving in the direction of the X-axis a first X area 
20 positioned from the reference to the direction of the X-axis; a Y-axis stage positioned >vithin the 
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fust X area and fixed in a second X area, which is located within the first X area for moving in 
the direction of the Y-axis a second Y area positioned ftom tfie second X area to the direction of 
the Y-axis; and a Z-axis stage fixed in the second Y area, which is located within the &st Y area 
and supporting a piedeiennined sample for moving the sample in the direction of the Z^axis. The 

5 X-axis, the Y-axis and the Z-axis indicate axes of rectangular coordinates, respectively. 

[0018] Funher, a sample test device using a i-axis straight-line motion stage, the device 
comprises a 3-axis straight-line motion stage supporting a predeteimined sample and shifting the 
sample independently, precisely and exactly in the direction of the X-axis, the Y-axis or the Z- 
axis; and an atom micioscope provided with the 3-axis straight-hue motion stage for measuring 

10 die location of the sample using a laser and for scanning the sample. The X-axis, the Y-axis and 
ttie Z*axis indicate axes of rectangular coordinates, respectively. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0019] The above and other objects, feamres and fuivantages of die invention will be ajqmrent 
IS from the following detailed description of the preferred embodiments of tbe invention in 
conjunction witts the accompanying drawings, in which: 

[0020] Fig. 1 is a constitutional view of the prior an 3-axis stage using a piezotube; 

[0021] Fig. 2 is a constitutional view of the prior an straight-line motion stage having a lever 

type flexible mechanism; 

20 [0022] Fig. 3 is a perspective view of a S-axis straight-line motion stage according to the 
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invention; 

[0023] Fig. 4A is a constitutional view for explaining an X-axis stage in Fig. 3; 
[0024] Fig. 4B is a constitutional view for explaining a Y-axis stage in Fig. 3; 
[002S] Fig. 4C is a constitutional view for explaining a Z-^is stage in Fig. 3; 
5 [0026] Fig. 5 is a pcispective view of a middle rod of a 3-axis stage according to the invention; 
[0027] Figs. 6 A and 6B are consuTutional views for explaining an amplification principle of a 3- 
axis soraigbt-line motion stage according to the invention; 

[0028] Fig, 7 is a constitutional view for explaining an operating method of 3-axis simigbt-line 
motion stage according lo the invention; and 
1 0 [0029] Fig. 8 is a perspective in pan of an atom microscope provided with a 3-axis straight-line 
motion stage according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] Fig. 3 is a perspective view of a 3-axis suraigbt-line motion stage according to the 
15 invention, 

[0031] Referring to Fig. 3, die 3«axis straight-line motion stage comprises a bonom plate 40 
having predetermined area and tbiclcness; a X-axis stage 10 fixed in a reference azea RR of the 
]x)tiom plate 40 for moving in the direction of the X-axis a first X area RXl positioned from the 
reference RR to ibe direction of the X-axis; a Y-axis stage 20 positioned within die first X area 
20 RXl and fixed in a second X area BX2 located within the first X area RXl for moving in the 
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direction of ihe Y-axis a first Y area RYI positioned from the second X area to the direction of 
the Y-axis; and a Z*axis $tage 30 fixed in second Y area RY2 located within the first Y area 
RYI and supporting a predetermined sample for moving the sample in the direction of the Z-^is. 
The X-axis, the Y-axis and the Z-axts indicate axes of leccangular coordinates, respectively. 
5 [0032] Here, the first Xj area RXl and the second X area RX2 mean the areas moved in the 
direction of the X-axis only. Further, the first Y aiea RYJ and Ac second Y area RY2 are the 
areas located wifliin the first X area RXl. Even tbowgh the first Y area RYI and the second Y 
area RY2 are moved in ^e direction only of the Y-axis in the Y-axis stage 20, the first Y area 
RYI and the second Y atba RY2 are finally moved lo the X-axis and the Y-axis on the basis of 

10 the bottom plate 40. 

[0033] With reference to|Figs. 4A to 4C, the respective stages will be described herein below. 
[0034] fig. 4A is a constimtional view for explaining the X-axis stage 10 in Fig. 3, llie X-axis 
stage 10 comprises a piezoelectric clement 13 having a predetermined length, the length being 
changed in the direction of the Y-axis according to an input voltage, and a first X driving pan 

15 1 1-1 and a second X driving pan 1 1-2 connected to both ends of a longitudinal direction of the 
piezoelectric element 13, respectively, for moving in the X-axis direction ttie second X end 16-2 
located within the first X ai^a 1 1-1 from a first X end 16-1 located within the leference area RR 
in the center of the piezoelectric element 13 according to driving of the piezoelecttic element 13, 
[003S] The snructures of ithe first X driving pan 11-1 and die structure of the second X driving 

20 pan 1 1-2 are symmeiricaljy formed about die X-axis. Specifically, the first X driving pan 11-1 
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2iod ihe second X drivix^g pan 11-2 connected to both ends of a longitudinal direction of ibe 
piezoelectric element l3,Tespectively, comprises first and second X amplifying paxts 12-U 12-2 
amplifying a displacement generated according to the driving of ibe piezoelecnic element 13 and 
moving third and fourth ^ ends 16-3, 16-4 foimed in the opposite side of the first X end 16-1 in 

s the direction of the X-axis by the amplified displacement, and first and second X-line motion 
parts 13-1. l3-2connccted to the third and founh X ends 16-3, 16-4 through slits 19-lB, 19-lC, 
respectively, and shifted jn parallel in the direction of the X-axis by the amplified cUsplacement 
Here, a slit 19-1 A connef:ts one end of the first X-line motion pan 13-1, which is connected to 
the third X end 16-3 witl| one end of the second X-line motion pan 13-2, which is connected lo 

10 the fourdt X end 16-4. 

[0036] Here, the first anil second X-line motion parts 13-1, 13-2, the slits 19-1 A, 19-lB, 19-lC, 

attd the second X end 16-2 fonn a third X area 17 having a predetennined area surrounded by 

I 

themselves. The second X end 16-2 indicates a point positioned at intervals of Dl from the first 
X end 16-1 between the *ird and founh X ends 16-3, 16-4 in Uie positive direction of the X-axis 
15 on the basis of the first X'cnd 16-1 . 

[0037] The ends of the piezoelectric element 13 are positioned at a flint pressing pan 14-1 of 

r 

die first ampli^ong pan 12-1 and a second pressing pan 14-2 of the second ampli^ing pan 12-2, 
respectively, 

[003S] The first X amplifying pan 12-1 comprises the first pressing pan 14-1 receiving the 

I 

20 displacement of the pie^lectric element 13. and an intermediate rod 15-1 formed in the 
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longitudinal direction of the piezoelectric element 13 towards both sides of the first pressing 
part 14*1 in the center of ^e first pressing part 14-1. As shown in Fig. 5, the intermediate rod 15- 
1 is provided with a post part lS-1 A formed lo have a predetetmined width, and a narrowing pan 
IS*1B having a diickneis relatively narrower dian the widdi of the post pan 15-} A by a 

s semicircular groove IS-IC having a predetennined radius in both ends of the post part 15-lA. 
{0039] In the first X atiipli^ng part 12-1, the ends (grooves) of the intentnediate rod lS-1 
opposite to the pressing pan 14-1 about the longitudinal direction of d&e piezoeleciric element 
are cormected each other by a slit- Further, in order to reduce a weight of the first X amplifying 
pan 12*U a hole 18-1 of a predetermined magnitude may be further formed in the area 

10 surrounded by the slit, thd pressing pan 14-1 and (be intermediate rod 15-1. 

[0040] Here, a groove of the intermediate rod 15*1 is formed to give an elastic properQr to the 
intermediate rod 15-1. T?ie narrowing pan 15«1B of the intermediate rod 15-1 becomes the 
rotation center thereof when the post pan 1 5- 1 A is rotated. 

[0041] Since the second! X-line motion pan 13-2, which has ends 13-2A and 13-2B. has the 
13 same structure as the first X-lirie motion pan 13-1, and they are symmetrically ananged about 
tt>e X-axis« fiirflier description will be wiitted. 

[0042] The first X-line motion pan 13-1 comprises a first X double spring 13*1B connected to 
the third X end 16-3 through the slit 19-lB, and a second X double spring 13-1 A connected to 
the first X double spring 13*1B through slits 19-lD, 19*1£ having a predetermin£4 length and 
20 formed in the parallel c^reciion about the X -axis. The second X double spnng 13-lA is 
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connected with tbe end P-2A of the second X-line motion part 13-2 having *e same smicture 
as the first X«tine motion jparts 13-1 through the slit 1 9-1 A. 

[0043] The first and second X double springs 13-lB, 13-1 A have the same siruetute. For 
example, the second X cjouble spring 13-lA has two intemiediate rods arranged doubly. The 
s respective intermediate rod comprises a post part 13-lC having a predetermmed width, which is 
fonned in the same shap^ as the intemiediate rod shown in Fig. 5, and a narrowing pan 13-lD 
having a thickness relatively narrower than The width of the post part by a semicircular groove 
13- IE in both ends of the>post part. 

[0044] Since the second X-Une motion pan 13-2 has the same structure as the first X-line 
10 motion pan 13-U and they are symmetrically arranged about the X-axis, fimher description will 
be omined. 

[0045] Fig. 4B is a constitutional view for explaining a Y-axis stage 20 in Fig. 3. The Y-axis 
stage 20 has a similar stjiicture as the X-axis stage 10, and is formed in the third X aiea 17, 
which is located within the first X area KXl. 

15 [0046] The Y-axis stage ?0 comprises a piezoelectric element 23 having a predetennined length, 
Ae length being changedjin tbe direction of the X-axis according to an input voltage* and a first 
Y driving pan 21-1 and a second Y driving pan 21-2 cotmected to both ends of a longitudinal 
direction of the piezoelecmc element 23, respectively and fixed to tbe first Y end 25 of the 
second X area RX2 for mioving the second Y end 26 opposite xo the first Y end 25 in the Y-axis 

20 direction on the basis of the piezoelectric element 23. Here, although tbe locations of the second 
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X area RX2 and the third area 17 axe similar* the respective location will be clearly detined as 
shown in Figs. 3 and 4A. 

[0047] The first Y driving part 21-1 and the second Y driving pan 2 U2 have the same structure, 
and they are symmetrically ananged about the Y-axis. Specifically, the firsi and second Y 
5 driving parts 21-1, 21-2 comprise first and second Y amplifying pares 22-1, 22-2 connected to 
both ends of a longitudinal direction of die piezoelectric element 23, x^spectively, for amplifying 
a displacement generated according lo the driving of piezoelectric element 23 and for moving 
the second Y end 26 in the direction of the Y-axis by the amplified displacement, and first and 
second Y-hne motion pans 23-I» 23-2 connected to die first and second Y amplifying parts 22-1, 

10 22-2, respectively, through first and second slits 27-1 , 27-2 traversing a pan of the first Y end 25 
and shifted in parallel in the direction of the Y^is by die amplified displacement Here, a slit 
27-3 connects die other ends opposite to the ends of the first and second Y-line motion pans 23-1, 
23-2. which are connected lo the first and second amplifying parts 22-1, 22-2. 
[0048] Here, die sUts 27-1, 27-2, 27-3 and die first and second Y line-motion parts 23-1, 23^2 

15 form a predeiennined third Y area 28 surrounded by themselves. The first and second Y 
amplifying parts 22-1. 22-2 are symmetrically arranged about the Y-axis, u*ich is located widiin 
the first Y area 28. The third Y area 28 is positioned within the first Y area RYl. 
[0049] Meanwhile, the second Y end 26 indicates die position diat die length of die direction of 
the Y-axis is increased from the end points of die first and second Y amplifying parts in die 

20 direction of die Y-axis on the basis of the first Y end 25. The first Y amplifying pan 22-1 and the 
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second Y ampli^ing pan 22-2 I»ve die same siructute^ and they are symmetncally fomied 
abom the Y-axis. 

[0050] The respective first and second Y antpUlying pans 22-1, 22-2, Ulce the structures of the 
fitst and second X ampliiying parts 12-1, 12-2^ comprise first and second pressing patts 24-l> 
s 24-2 receiving the displacement of the piezoelectric element 23, and an intennediate rod fonned 
in both sides of the first and second pressing parts 14-1, 14-2 symmetrical lo the X-axis in the 
center of the respective first and second pressing paits 14-1, 14-2. 

[0051] Here, the intennediate rod 24, as shown in Fig. S, is provided with a post part having, a 
predetennined width Wl, and a narrowing part having a thickness relatively narrower dian the 
1 0 width of the post part by a semicitcnlar groove having a predetennined radius in both ends of the 
post pan. The intennediate rod 24 has the same function and operating method as the 
intermediate rod lS-1 A of Ac X-axis stage. 

[0052] Meanwhile, the first and second Y-axis motion parts 23-1, 23-2 have the same structure 
and operating principle as the first and second X-line motion parts 13-1, 13-2, and they are 

1 5 symmetrically formed about the Y-asus. 

[0053] Fig. 4C is a cor^tutional view for explaining a Z-axis stage in Fig. 3. The Z-axis stage 
comprises a botu>m part 34 having a predetermined area and thickness and fixed within the 
second Y area RY2 of the Y-axis stage 20, a Z-line driving part 3 1 moving in tiie direction of the 
Z-^is and formed integrally to the bottom plate 34 in the vertical direction, which is the 

20 diieciion of the Z-axis, from the surface of the bottom plate 34, and a piezoelectric element 33 
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mounted to have a decreased or increased length in the direction of the Z-axis in a space 31-1 of 
. a predetenntned size. The space 3 l-Hs fomied in tbt Z-line driving pan 3 1 in a legion to which 
the bottom part 34 and the Z>line driving part 3 1 aie adjacent 

[00S4] Here, the piezoelectric element 33 is fixed within the space 31-1 to be operated in the 
5 center of *e Z-]ine driving pan 31 by a boh-nur joining means 34-1 formed in the bottom pan 
34, 

[00S5] The Z-Iine driving pan 31 comprises first and second Z-axis monon parts 31-1, 31-2 
moving the first Z end 36 positioned in the direction of the Z-axis from the bottom pan 34 to the 
Z-axis according to the drivmg of the piezoelectric element 33, and a suppon receiving pan 32 
10 for supporting a sample support, which is not shown in the drawings, adjacent to the first Z end 
36. 

[0056} The first aiHl second 2-axis motion pans 3U1, 31-2 have Ae same stmcture and 
operating principle as the first and second X-line motion pans 13-1, 13-2 or the first and second 
V-line motion parts 23-1, 23-2^ and they are symmetrically arranged about fkt Z-axis. 
15 Specifically, die respective first and second Z-axis motion parts 31-1. 31-2 include the first to 
founh Z double springs 3I-1A, 31-lB, 31-2A, 3I-2B, and slits connecting each of ihem. 
Specially, the first and third Z double springs 31-1 A, 3 1-2 A are connected through a slit 35. 
[0OS7] Meanwhile, since the bottom pan 34 of the Z-axis stage 30 serves to make a force 
generated fi-om the piezoelectric element spread broadly across the second Y area RY2, in case 

20 that the area is larger than the second Y area RY2, a spacer, which is not shown in drawings, 

\ 
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having a predetenuined thickness may be moimted between the second Y area RY2 and the 
bottom part 34. Therefore, the spacer prevents the bottom part separated from the second Y 
area RV2 from facially contacting with, for example, the first and second Y ampli^ing parts of 
the Y-axis stage. 

5 [0058] The amplification principle of ^e 3-axis straigiht^line motion stage of the invention and 
the operation method thereof will be given herein below. 

[00S9] Figs. 6a and 6B are constitutional views of models for explaining an amplification 
principle of a 3-axis straight-line motion stage according to the invention. For example, there are 
models for the first and second amplifying patts 12-1, 12-2 of the stage 10. Specifically, Fifr 6A 
10 is a constitutional view of the model for die X-axis stage when the amplifying state is in the 
noimal siate, and Fig. 6B is a constimtional view of the model for the X-axis stage when the 
lengdi of the piezoelectric element of the amplifying part is increased. 

[0060} Refernng to Figs. 6 A and 6B, die piezoelectric element 13 conesponds to a model 
piezoelectric element I3g, the first and second pressing parts 14-1, 14-2 conespond to first and 
IS second model pressing parts 14-1 g, l4-2g, the first and second X ends 16-1, 16-2 coirespond to 
first and second model X ends 16-lg, l6-2g, and die intennediate rod 15-1 conesponds to a 
model intennediaie rod iS-lAg. 

[0061] When the above elements die defined as the model elements in the models, a distance SI 
between the first pressing part 14-lg and the model piezoelecnric element 13g, a distance 52 
20 between the model piezoelectric element 13g and ihe second model X end l6-2g. and a distance 
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S3 between the first pressing pan I4-Ig and the second model X end 16-2g are defined by the 
distances of the base line, hei^t and hypotenuse of a triangle SO, respectively. 
[0062] Now, in case that the length of the piezoelectric elenoent 13 is increased by the operation 
of the piezoelectric element 13, with a reference to Figs. 6A and 6B. the procedure for generating 
5 the displacement of the second X end 16-2 by the operation of the first and second amplifying 
pans 12-1,12-2 will be given herein below, 

[0063] Since the length of the interniediate rod 1 S-1 is constant and the first X end 16-1 is fixed 
to die bottom plate 4Q> in case that die length of the pie2X>electric element 13 is increased, die 
model in Fig. 6a is changed into the model in Fig. 6B. Specifically, ifae triangle SO having the 

10 diree lines SI, S2, S3 in Fig. 6A is changed into the transformed triangle SO-1 having the three 
lines Sl-1, 52-1, 53-1 in Fig. 6B. Here, since the lengdi of die intermediate rod 15-1 is constant, 
while ihe distance of die hypotenuse cone^nding to the lengdi of the intermediate rod 15*1 is 
not changed, the height 52 is changed into the decreased height 52-1, and the base line 51 is 
changed into the increased base line 51-1. Thus, if the lengib of the piezoelectric element 13 is 

\$ increased, the second model X end l6-2g is decreased by Ax from the original position. 

[0064] Fig. 7 is a constitutional view for explaining an operating method of the 3-dxis straight- 
line motion stage according to the invention. 

[0065] Referring to Fig. 7, the bottom plate 40 corresponds to a model bottom plate 40g, die X- 
axis stage 10 corresponds to a model X-axis stage lOg, the Y-axis stag^ 20 corresponds to a 
20 model Y-axis stage 20g, the Z-axis stage 30 corresponds to a model Z-axis stage 3Qg, and the Z- 
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axis motion pan 31 coiresponds to 9 model Z-ajus motion part 31 g. Further, the first and second 
X ampli^ing pans 11-1, 11-2 conespond to first and second model X ampIi^^S P^ ll-lg> 
1 l-2g, and the first and second Y amplifying parts 21-1, 21-2 coxiespond 10 first and second 
model Y amplifying parts 21-lg, 2l*2g. 
s [0066] Here, the Y-axis stage 20 formed in the first X area ftXl (subsianiidlly, the third X area 
17) is, as shown in Fig. 7, arranged in the first model XI area RXlg. Further, even if the area of 
fbs bottom plate of the Z-^s scage 30 is larger than that of the second Y area RY2. since the 
spacer prevents the Z-axis stage 30 from facially contacting the area except for the second Y area 
RY2, the Z-axis stage 30 is ananged in the second model Y area RY2g, 

10 [0067] Thus, according 10 the operation of the piezoelectric element 13g, the first model X aiea 
RXlg of the model X-axis stage lOg is shifted in the direction of the X-axis only about the first 
model X end 16-lg fixed to the model bottom plate 40g. Then, the model Y-axis stage 20g 
arranged within the first model X area RXlg is also shifted in the direction of the X-axis only. 
[0068] Meanwhile, with tlie piezoelectric element 23g operated in the miodel Y-axis stage 20g 

15 arranged within the first model X area RXlg, the second model Y area RY2g of the model Y- 
axis stage 20g is shifted in the direction of die Y-axis only. Specifically, since the model bottom 
plate 34g of the Z-axis stage 30g is fixed to only the second model Y area RY2g, the model 2- 
axi$ motion pan 3 Ig mounted on the model bottom plate 34g is shifted to the Z-axis. 
[0069] Therefore* the sample support carrying the sample is shifted in only the direction of the 

20 X-axis by the model X-axis stage lOg, and is shifted in only the direction of the Y-axis by the 
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model Y-axis stage 20g. Funber. the sample support canning Ae sample is shifted in only the 
direction of the Z-axis by the model Z-axis motion part 3 1 g. 

[0070] Fig. 8 is a perspective in part of a sample rest device provided with a 3-axis straight-line 
motion stage according to the invention- The sample test device comprises a 3^is straight-line 

s motion stage 100 supponing the sample, and an atom microscope inspecting the sample. 

[0071] Here, the 3-axis straight-Une motion stage 100 timber comprises a sample snppon 60 
positioned in a support receiving pan 32 of a Z-line driving pan as shown in Fig. 4C, a sample 
fixing pan 61, which the sample 62 is placed on, attached to the end of the sample suppon 60, 
and a mirror 63 placed in parallel to the sample support and in the inclined status under the 

10 sample fixing part 61. 

[0072] The atom microscope 70 comprises a tip 71 scanning the sample 62, and a fixing base 72 
to which the tip 71 is fixed. 

[0073] Tberefoje, the sample may be precisely scanned by the operation of the 3^is straight- 
line motion stage with the tip 71 positioned over the sample 62. At ttds time, the movement of 
L5 the sample is detected by analyzing a laser beam projected to die mirror 63 and reflected &om 
the mirror 63. 

[0074] Now. specifically, the operating method of the nsspective elements of the 3^s snaight- 
line motion stage according to the invention will be given in detail herein below. 
[0075] Referring to Fig, 4A, the X-axis stage 10 pushes the pressing parts 14-1, 14-2 outwardly 
20 if the piezoelectric element 13 is expanded, and then the first and second X amplifying pans 12-1, 
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12-2 are contmcted in the direction peipendiculttr to the increasing direction of the length of the 
pittoelectcic element 13 with a distance between the pressing pans 14-1, 14-2 widening (See 
Figs. 6a and 6B). If the first and second X aoipli^g parts 12-1 » 12-2 are contracted, the second 
X end 16-2 and the third X area 17 a4]acent to ttie pans 12-1, 12-2 are dcrai^tly shifted to die 
5 first X end 16-1. 

[0076] Meanwhile, if die piezoelectric element 13 is contracted, the first and second X 
amplifying parts 12-1, 12-2 are expanded, and then the second X end 16-2 and the third X area 
17 adjacent to ihe parts 12-1, 12-2 are stxaightly shifted to the direction becoming more distant 
from the first X end 16-1. 

10 [0077] Therefore, the third X area 17 is straighdy shifted in the direction of the X-axis 
according to the contraction and expansion of the piezoelectric element 13. 
[0078] in the Y-axis stage 20 shown in Fig. 46, lilce the operation of the X-axis stage, if the 
piezoelectric element 23 is expanded, the first and second Y amplifying parts 22-1, 22-2 are 
contracted, and then fhe second Y end 26 and die second Y area RY2 adjacent to the end 26 are 

15 snraigbtly shifted in parallel to the Y-axis toward the direction of the first Y end 25, whereas, if 
the piezoelectric element 23 is contracted, the first and second Y amplifying pans 22-1, 22-2 axe 
expanded, and then the second Y end 26 and the second Y area RY2 adjacent to the end 26 are 
straightly shifted in parallel to the Y-axis in the direction becoming more distant from the first Y 
end 25, 

20 [0079] Therefore, the second Y area RY2 is straightly shifted in the direction of the Y-axis 
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accoiding to the contmction and expstnsion of the piezoeleciric element 23. 
[0080] Since the Z-axis stage 30 shown in Figs, 3 and 4C is fixed to the second Y area KY2 of 
fte Y-axis stage 20, flic stage 30 is shifted to the directions of the X-axis and the Y-axis 
according to the operation of the X-axis and Y-axis stages 10, 20. On flie other hand, the Z-linc 

5 driving pan 31 of the Z-axis stage 30 is expanded or contracted from die side of the bottom pan 
34 to the direction of die Z-axis according to the contraction and expansion of the piezoelecnic 
element 33. Theicfittc, according to the contraction and expansion of die Z-Iine driving pan 31, 
die suppon receiving pan 32 also is straightly shifted in the direction of the Z-axis. 
[0081] Accordingly, since the X-axis, Y-axis, and Z-axis stages 10. 20, 30 are moved 

10 independently without mutual interference, riiey are able to shift die shifting area fliereof ejtactly 
and precisely about the direction of the axis thereof. 

[0082] The double complex sprii^s adopted in the embodiment of the invention are embodied 
as four narrowing pam and two intermediate rods. Therefore, the total modulus of elasticity of 
the double complex springs is smalk thereby a sufliciendy large displacement may be generated 

1 5 even widi a small driving force. 

[0083] Further, a plurality of narrowing parts cormected in series is arranged in parallel and in 
mulriple rows to generate only straight-line motion. Specifically, aldiough the narrowing parts 
forming a line in series may generate die displacement by dieir elastic transformation toward the 
serial direction, since the displacement of die direction perpendicular to die serial direction is 

20 hard to generate, the double conq>lex springs have the degree of freedom for moving in only one 
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direcrion. 

[0084] Since, in the embodiment of ihe invention, the pressing pan and the intemiediare rod of 
the amplifying pair are symmenrically airanged about the respective axis, other constitutional 
elements connected witb the amplifying parts go tbrougji exactly the sttaight-line motion when 

5 The ampUQong pan is operated. 

[0085] If the stage is driven in the vicinity of a resonance f5pequency thereof or beyond that, the 
stage is damaged due to a resonance, and is bard to control. If the resonance frequency of the 
stage is low. a velocity for driving the stage may not become high. Thus, in order that the stage . is 
driven fiist, preferably, the resonance frequency of the stage should be high. 

10 [0086] Generally, a resonance frequency of a predetermixied system is obtained from the 
foUowiug equation; (a=Q:/m)^^, where 6)= a resonance fiiequency, k = the modulus of elasticity, 
and m- mass. 

[0087] Therefore, in order to increase the resonance frequency thereof in the stage of ihe 
invention, the mass should be stnall To do this, flic weight of flje X-axis stage is reduced by 
15 forming holes 18-1, 18-2 having a predetermined size in the first and second X-axis amphf^ing 
parts 12-1, 12-2. Simultaneously, the intennediate rod portions 15-lA, IS-IB are formed as a 
trapezoid so that the mass thereof is maintained constantly. Thus, in the stage of the invention» 
the modulus of elastici^ becomes higher, and hereby the resonance frequency also becomes 
higher. 

20 [0088] Meanwhile, since the tip of the prior atom microscope scans a sample over the sample, 
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the position for scanning the sample by the tip and die position for measuring the swnple by a 
deiectOT coincide with each other, and thereby die prior atom microscope generates a 
measuxement error of Abbe. 

[0089] However, according to the 3-axis stFaight-'Une motion stage of the invention, the detector 

5 of the atom microscope is equipped under the sample fixing pan fixing the sample, atid the tip 
scans the sample over the sample. Thu3, according to the 3-axis sixaighi-line motion stage of the 
invention^ since the measuring position of sample by the detector and the scamiiBg position by 
the tip coincide, the sample is measured exactly and precisely by the atom microscope without 
the measurement error of Abbe. 

to [0090] According to the 3^s straight-line motion stage of the invenxion» since the X-axis 
stage 10 and the Y-axis stage 20 are designed to move on the coplanar surface, a point of action 
for a force and a center of weight for the lespecdve stages are positioned on the coplanar sur&ce, 
and thereby the moment is not generated and the vibration is generated relatively small Thus, 
according to the 3-axis straight-line nmtion stage of the invention, the sample is moved exactly 

15 and precisely in the snaigiht direction. 

[0091] Furdter, since the X-axis stage 10 moved in die direcnon of the X-axis only does not 
interfere with the motion of the Y-axis stage 20, the motions of the stages 10, 20 are 
accomplished independently without a correlation. For example, since the motion of the X-axis 
stage does not comprise the error of the Y-axis motion by the Y-axis stage, the sample is moved 

20 exactly in the direction of the X-axis only. Further, the contrary case also is the same, 
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[0092] Alihough, in the embodimem of the invention, the Z-axis stage does not comprise the 
amplifying part, the amplifying pan may be mounted on the 2-axis stage if the system needs a 
large displacement in the direction of the Z^is. 

[0093] Further, although, in ttie embodiment of the invention, flic anqili^g part is comprised 

5 in the X-axis and Y-axis stages, the amplifying pan may be omitted. 

[0094] Although, in the preferred embodiment of the invention, the amplifying part for 
amplifying Ae motion of the stage is used, the invention is nor limi^ thereto, and the respective 
ampli^ng pan may be tiansformed into the structure for decreasing the displactanent. by 
arranging the amplifying pan to be rotated by 90*. 

10 [009S] Although, in die preferred embodiment of the invemion, the inside of the ampU^ng pan 
is embodied as a frame structure having a vacam space lo raise the resonatvre fo^quency, the 
invention is not limited thereto, and the structure removing a predetermined pan of the third X 
area 17 of the X-axis stage and the second Y area RY2 of the Y-axis stage except for the 
amplifying structure may be embodied. 

15 [0096] Aldiough, in the preferred embodiment of the invention, a flexible complex hinge 
structure is used on one side of the stage, a flexible smicruie, such as a plate spring for 
generating a complete stmight-line motion, may be adopted. 

[0097] Although, in the pieferred embodiment of the invention, die intermediate rod having a 
shape of a straight line or a trapezoid is adopted, the shape of a nriangle or a lozenge may be 
20 adopted to raise the resonance frequency. 
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[0098] Although, in the preferred embodiment of the invention, the example that the 3-axis 
siiai^T-Une motion stage is applied to the atom microscope is described, the stage of the 
invention may be applied to a device for requiring super precision driving, such as 
seroiconducior equipment. 

5 [0099] From the foregoing, according to a 3-axis siraight-line motion stage and a test device 
using ibe same acconiing to the preferred embodiment of invention* since the X-axis stage and 
tfie Y-axis stage are independently displaced ftom each other, the motions of the stages are nor 
interfered mutually, and since the degree of fieedom of the respective stage is limited in only one 
direction by the flexible complex hinge structure fomacd in Ac stage, the sample is moved in a 

10 stmight line exactly. 

[0100) Further, since the amplifying pan of the invention uses a symmetrical amplifying 
stmcmre in order lo amplify the range of motion by *e piezoelectric element, flie range of 
motion thereof is wider, and simultaneously, the motion is maintained exactly in the 
perpendicular direction. 

15 [OlOll Further, since the pressing part of the driving pan in the respective stage has a frame 
stmcmre, and the simcuire of Ae intennediate tod has a shape of a napezoid, the resonance 
frequency of the stage is hi^er, and thereby the driving velocity of the stage is higher, 
[0102] According to the atom microscope adopting the 3-axis straight-line motion stage of *c 
iuvention, since the detector measures die position of the sample under the sample fixing part, 

20 the scanning position of the tip and the measuring position of the detector aie coincided, ami 

lWP24i442;I> 23/25 

PAGE SSI58'RCVDAT«22i20K 6:03:26 PMIEastern^^^^^ 



JUN-22-05 06:15PM PROVhAKERMAN SENTERFIH 5616596319 T-563 P. 57/58 F-509 



thereby the sample is measured precisely and exactly without the measuremem error of Abbe, 
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